Summary We investigated the effect of two doses of cytostatics, administered intraperitoneally during 5 consecutive days, on the healing of ileal and colonic anastomoses constructed on the third day. The cytostatics regimen consisted of a combination of 5-fluorouracil, bleomycin and cisplatin at 10, 2 and 0.35 mg kg-'d', respectively, or at twice higher doses. The lower dose was similar to that given intravenously in previous experiments. Rats were sacrificed 3 or 7 days after operation. No effects of cytostatics were observed after 3 days, neither on anastomotic bursting pressure nor on hydroxyproline concentration (jLg/mg dry weight) or content (ug cm-'). Profound effects were seen at 7 days. In the high dose group, bursting pressures in both anastomoses were greatly reduced with respect to the control group. Concurrently, collagen synthesis was severely impaired, as indicated by sustained decreased hydroxyproline concentrations and content. The lower dose of cytostatics showed essentially similar effects on hydroxyproline parameters, but affected anastomotic strength less dramatically. The data indicate that, while intraperitoneal chemotherapy may show less detrimental systemic toxicity and thus allow higher doses, its application as an adjunct to gastrointestinal surgery may be limited because of its severe effects on anastomotic repair.
impairs anastomotic healing in the intestine. Next to disturbance of wound healing, the therapeutic concentrations of cytostatics needed in the target area may also induce serious side effects which make it necessary to break off treatment or to reduce dosage schedules.
The efficacy of antineoplastic drugs could be enhanced by applying them locally. Metastatic or recurrent tumour in most gastrointestinal malignancies generally include the local suture line and the intraperitoneal surfaces in addition to the liver. In these cases better cytostatic activity might be achieved with intraperitoneal administration than with systemic application in the same doses (Dedrick et al., 1978 , Cunliffe & Sugarbaker, 1989 . By changing the route of administration, higher local drug levels can be reached while systemic concentrations remain below the toxic level. It is unknown if these high local concentrations, which are presumed to occur after intraperitoneal injection of cytostatics, will affect intestinal wound healing to the same extent as intravenous administration according to a similar dosage schedule. Therefore we have investigated the effects of a 5-day course of intraperitoneal administration of 5-fluorouracil, bleomycin and cisplatin on the first healing stage of intestinal anastomoses in the rat.
Materials and methods

Animals
Sixty male Wistar rats (weight 170-230 grams) received water and food (standard Rat Chow, Hope Farms, Woerden, the Netherlands) ad libitum. Three groups were formed, each consisting of 20 animals: a control group, which received intraperitoneal saline, and two groups which received intraperitoneal cytostatics at two different dosages (cyto 1 and cyto 2, respectively). Within each group, ten rats were meant to be sacrificed at both 3 and 7 days after operation.
Cytostatic agents
The cytostatic regimen consisted of a combination of 5-fluorouracil (Roche Laboratories), bleomycin (Lundbeck) and cisplatin (cis-dichlorodiammineplatinum (II), BristolMeyers). The compounds were dissolved in 10 ml saline and administered daily, by intraperitoneal injection for 5 consecutive days. In the cyto 1 group the dosages were 10, 2 and 0.35 mg kg-'d-' for 5-fluorouracil, bleomycin and cisplatin, respectively. Dosages in the cyto 2 group were twice as high. Animals in the control group received saline only.
Operative procedure The rats were anesthesised by an intraperitoneal injection of sodiumpentobarbital. One-centimeter segments of both ileum and colon were resected at 15 cm proximal to the ileocecal valve and 3 cm proximal to the rectal peritoneal reflection, respectively; these were used as control segments. Subsequently, continuity was restored by the construction of an inverted one-layer end-to-end anastomosis with eight interrupted monofilament 8 x 0 sutures (EthilonO). The 4 cm midline abdominal incision was closed with a 3 x 0 running silk suture for the muscle layer and staples for the skin.
After 3 or 7 days, the rats were killed by an intraperitoneal overdose or sodiumpentobarbital. The anastomotic segments were isolated from the surrounding tissue and resected.
Analytical procedures Bursting pressure measurements on each anastomotic segment were performed as described previously (de Roy van Zuidewijn et al., 1986) . Briefly, the isolated segment was connected to an infusion pump on one side and a manometer on the other side. Intraluminal pressure was increased by pumping a 0.9% NaCl solution at a rate of 2 ml min-' into the segment. The pressure was recorded graphically and a sudden loss of pressure was taken to indicate leakage. Thereafter, a 1 cm segment containing the anastomosis in the middle was collected for biochemical analysis. The samples were pulverised in liquid nitrogen, lyophilised, weighed and kept at -30°C. In each rat, both the control segments removed at operation and the samples containing the anastomosis, were analsyed for hydroxyproline as described elsewhere (Hesp et al., 1984) , essentially according to Prockop and Udenfriend (1960 
Results
Body weight All rats lost weight after operation (Figure 1 ). Comparison (Kruskal-Wallis) of three parameters for weight loss, i.e. the percentual maximum weight loss, the day of maximum weight loss and the difference between weight at operation and weight at sacrifiction, yielded significant differences between the three groups (Table I) . If the groups were compared two-by-two (Wilcoxon), no differences were found between the control and the cyto 1 groups, while each time significant differences were present between the cyto 2 group and the other two groups. For instance, the maximum weight loss in the cyto 2 group was greater (P = 0.001) and reached later (P = 0.0 133) than in the control group. Thus, the high dose of cytostatics induced more and longer-lasting loss of weight.
Bursting pressure The outcome of bursting pressure measurements showed a high degree of variation within each group. Average bursting pressures in the 3 days old anastomoses were low (Table II) and rupture occurred, with one exception, within the anastomotic line ( Figure 2 ). Although average values in both cytostatics groups were lower than in the control group, this effect remained non-significant. Seven days after operation, anastomotic strength had increased considerably. At this time-point, comparison of the three groups yielded significant differences, both in ileum and in colon. Again, the cyto 2 group was responsible for this effect. While control and cyto 1 groups yielded similar results, bursting pressures in the cyto 2 group were significantly lower than those found in the control (P = 0.0022 in ileum, P< I0-in colon) or the cyto 1 group (P = 0.0043 in ileum, P<10-in colon). In fact, a high dose of cytostatics seemed to prevent any gain of strength between 3 and 7 days after operation.
In addition, comparison of the bursting site in the three groups (cf. Figure 2 ) yielded significant (chi square test) differences: P = 0.013 for ileal and P< I0-for colonic anastomoses. While in the control group 7 days old anastomotic segments always, with two exceptions in the ileum, ruptured outside the anastomotic line, the opposite was true in the cyto 2 group, where rupture invariably occurred within the anastomosis. (Figure 3 ). No differences were observed between groups. However, at 7 days, when in the control group concentrations had risen above those found in uninjured intestine, anastomotic hydroxyproline concentrations in both cytostatics groups still remained significantly below those in the control segments. Statistical comparison of the data from the three groups together confirmed the presence of very significant differences indeed. Comparison of the groups two-by-two (Wilcoxon) indicated that the results for both cytostatics groups were similar but that significant differences existed between the control group and both the cytol group (P= 0.0001 in ileum and P = 0.0041 in colon) and the cyto 2 group (P< I0-in both intestinal segments). Thus, restoration of preoperative hydroxyproline concentrations around intestinal anastomoses was significantly delayed by the intraperitoneal administration of cytostatics. Hydroxyproline concentrations are affected not only by changes in segmental weight. In order to exclude the possibility that differences between groups, described above, were caused by different changes in biopsy weight rather than by a different hydroxyproline metabolism, it should be demonstrated that changes in biopsy weight in the various groups were similar. This is shown in Table III , which gives the ratios between anastomotic weight and weight of the control segments removed at operation. Variation within one group was rather high, probably because of the practical difficulties concomitant to the reproducible resection of 1 cm segments from a very contractile intestinal wall. Still, the increase in weight appeared to be the same in all groups, indicating that the differences observed in the ratio between anastomotic and control hydroxyproline concentrations (Figure 3 ) may indeed be attributed to changes in the actual amount of hydroxyproline.
Hydroxyproline content
The hydroxyproline content, expressed as fig cm' , is a measure for the actual amount of hydroxyproline present per biopsy. At 3 days after operation, average values for the anastomotic hydroxyproline content in the control group were 224 ± 66 [n = 9] ytg cm ' in ileum and 312 ± 35 [n = 9]-pg cm-' in colon. Similar values were found in both cytostatics groups. The data for 7 days old anastomoses, and their corresponding control segments, are given in Table IV . Unexpectedly, significant differences were found between control segments in the three groups. In ileum, this was mainly due to a significant (Wilcoxon, P = 0.0057) difference between the control and the cyto 1 group, while in colon the most pronounced difference (P =0.0076) existed between control and cyto 2 groups. In all cases, anastomotic segments contained more hydroxyproline than control segments. It should be emphasised that this increase is the result not only of collagen synthesis but is also caused by inversion of the intestinal wall, necessary for anastomotic construction. A 1 cm anastomotic segment contains, immediately after anas- Cyto 2 12.7 ± 2.2 (9) 34.6 ± 6.9 (9) 2.76 ± 0.57 (9) Data represent average weight (g ± s.d.) of 7 days old anastomotic segments and corresponding control segments removed at operation. No differences between the three groups were found (Kruskal-Wallis test). Ileal anastomotic hydroxyproline content in the three groups varied significantly; two-by-two comparison (Wilcoxon) yielded a significant (P = 0.00 15) difference only between control and cyto 2 groups. The same was true for the ratio between anastomotic and control segments. In this case, comparison of the two groups yielded significant differences between the control group and both cyto 1 (P = 0.0003) and cyto 2 groups (P = 0.0002). While the average hydroxyproline content in colonic anastomoses of the cytostatics groups was lower than in the control group, this effect remained non-significant. However, if the ratios between anastomotic and control segments were compared, a significant difference was found between the three groups. This was caused mainly by the fact that this ratio was significantly lower (P = 0.0101) in the cyto 2 group than in the control group.
Discussion
Antineoplastic agents are widely employed in the treatment of gastrointestinal malignancies. Several treatment modalities have been studied consisting of cytostatics alone (Loehrer et al., 1988) or of cytostatics in combination with other agents (Wadler et al., 1989) or with radiotherapy (Boulis Wassif, 1982) . Although the use of adjuvants of treatments found effective for advanced disease has been disappointing, recent results appear to confirm the beneficial effects of cytostatics if administered in the immediate postoperative period (Mayer, 1990 ).
Since high, therapeutic, systemic drug concentrations easily yield toxic side effects, local or regional chemotherapy may provide a pharmacokinetic advantage through high local concentrations of drug with a substantially lower systemic exposure to the drug. Toxicity studies on intraperitoneal administration of various antineoplastic agents showed that intraperitoneal doses of 5-fluorouracil can be 1.5 times as high as the intravenous doses (Gyves, 1985) . The intraperitoneal dosage of cisplatin may be incrased eight-fold before the intraperitoneally induced plasma concentration reaches the intravenously induced plasma concentration (Casper et al., 1983 , Sugarbaker et al., 1985 . The systemic availability of intraperitoneal bleomycin was calculated to be 44% (Alberts et al., 1980) . This reduced systemic availability after intraperitoneal administration suggests that its dose can be increased safely by a factor of two over the standard intravenous dose.
The aim of this study was two-fold: to compare the effects of intraperitoneal and intravenous administration and to investigate the effects of the highest intraperitoneal dose tolerated. Therefore we used a dose (cyto 1 group) equal to that employed previously in experiments with intravenous administration (de Roy van Zuidewijn et al., 1986 and . The second dose (cyto 2 group) was the highest one tolerated by the animals. In pilot studies we found that still higher doses yielded an unacceptably high post-operative mortality.
In order to ensure that the drug is distributed evenly through the entire peritoneal space, the use of large volumes of solution has been recommended (Dedrick et al., 1978) and uniform distribution was shown when the fluid volume caused abdominal distention (Rosenshein et al., 1978) . In our experiment this proved to be the case if cytostatics were administered in 10 ml of saline. Normal healing of intestinal anastomoses, represented by the control group, has been well characterised. During the early postoperative days anastomotic strength is low and anastomotic hydroxyproline concentrations are decreased with respect to the preoperative values. Thereafter, strength increases and at day 7 the anastomotic line has almost invariably grown stronger than the adjacent segments. At the same time, hydroxpyroline concentrations rise and the anastomotic hydroxyproline content increases, indicating considerable synthesis of collagen.
Very little is known about the effects of intraperitoneal chemotherapy on intestinal wound healing. Wiznitzer et al. (1973) (Hendriks & Mastboom, 1990 (Irvin & Hunt, 1974) . In this group the collagen synthesis between 3 and 7 days after operation is strongly inhibited: this is apparent both from the delay in restoration of preoperative hydroxyproline concentrations (Figure 3 ) and from the reduced ratio between anastomotic and control-segment hydroxyproline content (Table IV) (Hendriks & Mastboom, 1990) . It seems quite conceivable that both cytostatic regimen inhibit collagen synthesis, but that e.g. collagen cross-linking is still sufficient to allow a gain in strength in the cyto 1 group while this process is impaired in the cyto 2 group, thus preventing the anastomosis to grow any stronger in the first week after operation.
Finally, the question arises whether intraperitoneal administration of cytostatics is less harmful to anastomotic repair than intravenous administration. If we compare the results of the present cyto 1 group to those obtained before with the same drugs after systemic administration (de Roy van Zuidewijn et al., 1986) , indications can be found that this is indeed the case. While we observed no effects whatsoever 3 days after operation during intraperitoneal cytostatics, intravenous administration resulted in a severe depression of bursting pressure in ileal anastomoses; both 3 and 7 days after operation. As a consequence our conclusion is that, while local intraperitoneal application of cytostatics is probably less deleterious to anastomotic healing than systemic administration of a similar dose, significant increases in the dose given intraperitoneally are contraindicated because of their negative effects on intestinal repair. This outcome limits the usefulness of intraperitoneal chemotherapy as an adjunct to surgery.
